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Abstract
Background: Intense-exercise has demonstrated an appetite suppressing effect post-exercise,
however the involved mechanisms are not well understood. Lactate appears to be one viable
mechanism as it has been found to bind to receptors on acylated ghrelin to inhibit release in cell
culture. As sodium bicarbonate (NaHCO3) can alter lactate accumulation post-exercise without
manipulating exercise-intensity, it presents an intriguing means to investigate lactate’s potential
role. Purpose: To examine the role of lactate on appetite using NaHCO3 to alter blood lactate
concentrations during high-intensity exercise.

Methods: Eight recreationally active males

completed two identical exercise sessions of low-volume high-intensity interval training (10 x 1
min intervals @~90%HRmax, 1 min active recovery), where they ingested either 0.4 g·kg-1
NaHCO3 (BICARB) or an equimolar amount of NaCl (PLAC) split into two doses 90 and 60 min
prior to exercise. Blood samples were obtained at pre- as well as 30, 60, and 90 min post-exercise
for measurement of acylated ghrelin, active glucagon-like peptide-1 (GLP-1), active peptide
tyrosine tyrosine (PYY), and blood lactate. Appetite perceptions were assessed at the same time
points. Results: Blood lactate was greater in BICARB post-exercise (P=0.005) and resulted in a
blunted acylated ghrelin response at 90 min post-exercise compared to PLAC. Active GLP-1 only
increased at 90 min post-exercise (P <0.025) and active PYY did not increase from pre-exercise
values (P>0.092), furthermore neither were different between conditions (P>0.429). Perceptions
of appetite were not different between conditions but did not increase up until 60 min post-exercise
(P<0.013). Conclusion: These findings further elucidate the important role of lactate in appetite
regulation following intense intermittent-exercise.
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Introduction
Addressing Weight Gain
Obesity has become a tremendous health concern for those living in the 21st century. Since
1980, obesity rates have more than doubled and as of 2014 more than 1.9 billion adults were
overweight, and alarmingly 600 million of these classified as obese. Overweight and obese
individuals have now become a sizeable proportion of the Canadian adult population where 61.8%
of males and 46.2% of females have a body mass index (BMI) that is above the normal range
(Statistics Canada 2012). Obesity has been causally linked to a plethora of diseases where the
burden on the healthcare system in Canada has become immense at an estimated $3.9 billion in
direct medical care costs and $3.2 billion in indirect costs (Janssen 2013). Compounding this issue
is that a substantial proportion of individuals are unable to effectively combat weight gain and
subsequently develop the disease of obesity.
Overall, this current obesity epidemic can be largely attributed to the inability of
individuals to effectively maintain a healthy body weight.

This issue with body weight

maintenance is compounded through an unhealthy lifestyle, where poor nutrition and inadequate
physical activity levels can contribute to weight gain. The concept of energy balance, though quite
basic, explains this dichotomy well as it relates to the first law of thermodynamics which states
that energy cannot be created or destroyed and can only be gained, lost, or stored by an organism.
Therefore, when referring the energy balance equation, if over a given time energy intake (EI) and
energy expenditure (EE) are equal, body weight cannot change and therefore can be considered in
a state of energy balance (Wells et al. 2011).

9

Figure 1 – The Energy Balance Equation.
It should be acknowledged that the terms positive and negative energy balance are used to describe
periods of weight gain and weight loss. However, it is not possible to be in a positive or negative
balance and for this reason, the terms positive and negative energy status will be used. Using these
newly defined terms, weight gain can be attributed periods of positive energy status, where energy
intake exceeds energy expenditure, leading to excess energy storage and subsequent weight gain.
Likewise, weight loss can be attributed to periods of negative energy status, where energy
expenditure exceeds energy intake. While a relatively simplistic concept, energy balance provides
the basis of understanding the issues with weight management in the population as it seems
individuals are unable to maintain this balance, leading to weight gain and obesity.
Current public health guidelines in Canada promote healthy weight management, though
they fail to resonate with Canadians, as is reflective in current overweight and obesity levels in the
population. The most recent Canadian Physical Activity Guidelines suggest that adults aged 1864 should accumulate 150 minutes of moderate- to vigorous-intensity aerobic physical activity per
week, in bouts of 10 minutes or more (Tremblay et al. 2011). While limited data is available on
these newer guidelines, only about 15% of the Canadian population has been shown to meet these
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guidelines (Colley et al. 2011), and only 5% are even aware they exist (LeBlanc et al. 2015). When
looking at Canada’s Food Guide we see a similar trend where recent reports have shown that while
Canadians are generally aware of the guidelines (86%), only a small portion of individuals (0.8%)
could correctly recall the 4 food groups and serving recommendations in a recent investigation
(Vanderlee et al. 2015). The food guide has also been criticized for its lack of information on
energy requirements as it uses sex and age to differentiate serving sizes without taking physical
activity levels into consideration (Jessri & L’Abbe, 2015).
While these guidelines are available to advise Canadians on managing both energy intake
and energy expenditure components of the energy balance equation, it seems that many Canadians
cannot meet these guidelines or chose not to. The lack of adherence to these guidelines suggests
alternative exercise protocols may help Canadians better adhere to exercise as well as better
manage their weight by providing an additional tool for weight management. Certain modalities
of exercise have shown the ability to positively affect both ends of the energy balance equation,
which could lead to potentially better weight management strategies for those who struggle with
weight gain and/or maintenance (Schubert et al. 2013; Schubert et al. 2014; Hazell et al. 2016).
While these findings are promising, the mechanisms are largely unknown and require further
investigation (Hazell et al. 2016). To understand how these modalities of exercise can affect not
just energy expenditure but also energy intake, an overview of food intake regulation is warranted
to understand the possible mechanisms involved in regulating food intake following exercise.
Factors Influencing Food Intake
The environment has been implicated as a major cause of current inabilities to manage
weight effectively, as it tends to promote weight gain. This is largely related to the low levels of
energy expenditure required in tasks of daily living and the increased availability of energy dense
11

foods, which can effectively contribute to a positive energy status and subsequent weight gain
(Speakman et al. 2011). An evolutionary perspective explains this well as humans evolved in an
environment where voluminous eating and physiological capacities for energy storage were an
asset to survival, but in the current environment these biological predispositions are harmful to our
health (Lieberman 2006). The issue with this perspective alone is that it does not explain how a
proportion of the population is able to maintain a healthy body weight despite biological
predispositions to physiological mechanisms that promote energy storage and weight gain. This
is predominantly why many differing approaches have been taken to understand food intake
regulation, as physiological (Hussain et al. 2013), psychological (King et al. 2012), and
environmental (Zheng et al. 2009) factors have all been implicated as contributors. The focus of
this thesis will be on the physiological mechanisms modulating food intake, as these are the factors
which have been shown to be positively affected following acute exercise. To understand how
exercise can affect the physiological components of food intake regulation an overview of the
general model of food intake will be reviewed.
The general model of food intake regulation (de Castro et al. 2002) combines the differing
factors involved in food intake regulation well, as it states that food intake is regulated by both
uncompensated and compensated factors, where the amount of control and regulation from these
factors can differ between individuals. Uncompensated factors are those that act independently on
food intake and are not under physiological regulation such as environmental, social, and
psychological factors, that provide an external stimulus that promotes food intake. This contrasts
with compensated factors which are under tight physiological regulation, where both energy intake
and energy expenditure contribute to maintaining this negative feedback loop with food intake. An
example of compensated factors controlling food intake would be the presence of food in the
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stomach, small, or large intestine, that can stimulate a physiological response related to increasing
feelings of satiety or likewise a lack of presence of food would lead to feelings of hunger.

Figure 2 - The general model of intake regulation adapted from
Castro and Plunkett (2002).

While this model explains acute food intake regulation well, a more sophisticated model called the
dual intervention point model (Speakman et al. 2011), was developed to further explain body
weight change over time. This model states that there are upper and lower intervention points of
body weight where physiological regulation will dominate, and these upper and lower intervention
points vary from individual to individual through biological predisposition. Furthermore, this
model also allows for environmental regulation of food intake, as over time it states that there are
periods where environmental factors can dominate, leading to increases or decreases in body
weight. While both models are interrelated, this model helps to address the complexity of body
weight maintenance over time, as it provides an integrative lens to understand the role of exercise
in food intake regulation, while also accounting for the individual variability in physiological
regulation of food intake and body weight. Furthermore, it suggests the idea that there are certain
situations (largely depending on body weight) where physiological regulation will dominate.
Although the integrative nature of this issue is acknowledged, the focus will be on the role of

13

exercise in food intake regulation, where physiological mechanisms (compensated factors)
affecting both energy intake and energy expenditure can be positively modulated which may lead
to better weight management strategies following exercise in certain individuals.
Exercise for Weight Maintenance and Health
Exercise plays a key role in weight maintenance, largely due to its ability to increase the
energy expenditure side of the energy balance equation. It should also be discussed that while
caloric restriction is a key component of weight loss interventions, this method alone has not been
shown to promote long-term weight maintenance, as 88% of successful weight loss interventions
include physical activity (Ramage et al. 2014). This idea is also supported by a recent metaanalysis of randomized controlled trials which has found that interventions that combine caloric
restriction with exercise interventions provided 1.14 kg greater weight loss than interventions that
involved caloric restriction alone over a long-term period (Wu et al. 2009). This is also supported
by the idea that while effective, maintaining energy balance with low physical activity levels
requires greater food intake control, whereas with higher physical activity levels this balance can
be achieved with less restriction on energy intake (Hill et al. 2012) and potentially longer periods
of maintenance.
Recently high-intensity interval training (HIIT) exercise protocols have gained popularity
due to their ability to provide similar benefits to overall health as traditional moderate intensity
continuous training (MICT) with a reduced time commitment (Gibala et al. 2014). Perceived lack
of time has been repeatedly shown as the most often cited barrier to not meeting the recommended
amounts of physical activity in the population (Stutts 2002; Trost et al. 2002; Egan et al. 2013;
Justine et al. 2013), making HIIT a viable solution to addressing this perceived barrier to meeting
the physical activity guidelines. These HIIT protocols are characterized by periods of high14

intensity exercise that are interspersed with periods of low-intensity exercise or rest (Weston et al.
2014) and while the varying protocols are infinite, they are generally characterized by periods of
intense exercise (80-100% V̇O2max or maximum heart rate) of 1-4 min that are interspersed with
periods of low-intensity exercise or rest (Gibala et al. 2012). These HIIT protocols can be further
classified as sprint interval training (SIT) when the exercise intensities are greater than 100%
V̇O2max (supramaximal), typically characterized as 5-30 s ‘all-out’ efforts interspersed with 4 min
rest periods (Hazell et al. 2010; Gibala et al. 2014; Weston et al. 2014). In general, the recent
interest in HIIT has increased the amount of protocols that are highly adaptable to the general
population for health promotion, and the low-volume HIIT protocol which involves 10 x 1 min
efforts at a workload eliciting 85-90% of maximum heart rate with 1 min of active recovery has
gained popularity. This low-volume HIIT protocol has proven to be effective in increasing
cardiovascular fitness as well as physiological remodelling in both healthy and diseased
populations, such as reviewed in (Gibala et al. 2012), that highlights the various benefits of HIIT
not just for improving body composition, but overall health as well.
While less studied, both HIIT and SIT interventions have been able to show reductions in
body fat mass in various populations, without actively restricting food intake (Trapp et al. 2008;
MacPherson et al. 2011; Gillen et al. 2013; Hazell et al. 2014; Bagley et al. 2016). A few differing
theories have emerged as to why there is this reduction in fat mass following interval training
protocols, where excess post-exercise oxygen consumption (EPOC), increased fatty acid
oxidation, and physiological suppression of appetite following exercise have all been suggested as
potential means by which fat mass decreases. EPOC has been largely able to explain the
discrepancies between moderate-intensity continuous training and HIIT protocols, where oxygen
consumption over a 24-hour period has been shown to be similar between these two modalities
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(Hazell et al. 2012; Sevits et al. 2013; Skelly et al. 2014). However, while EPOC effectively
explains how HIIT promotes similar energy expenditure to MICT, this theory alone cannot explain
the differences in fat mass loss observed in training studies. Increased rates of fat oxidation have
also been reported after interval training (Trapp et al. 2008; Shepherd et al. 2010; Whyte et al.
2010) and furthermore, recent investigations have demonstrated greater fat oxidation rates both
during and after training following SIT (Islam et al. 2017). While research suggests both EPOC
and increased fat oxidation play a role in the decrease in fat mass, there has been some speculation
that they are not sufficient to fully explain the differences in fat mass loss seen between these two
protocols (Warren et al. 2009; Kelly et al. 2013; Williams et al. 2013). Recently these forms of
intense-intermittent exercise have been highlighted for their potential to affect the energy intake
component of the energy balance equation through well-known physiological mechanisms
(compensated factors) involved in appetite control, as exercise-intensity has been shown as a key
stimulus to suppressing appetite post-exercise (Islam et al. 2017). Furthermore, this has led to the
growing body of evidence supporting physiological appetite suppression following HIIT/SIT as
one of the newer emerging theories to explain the decreased fat mass observed following interval
training protocols (Boutcher 2011; Schubert et al. 2013; Schubert et al. 2014; Hazell et al. 2016).
To understand the potential mechanisms involved in physiological appetite suppression following
HIIT/SIT exercise and how this may contribute to fat mass loss, an overview of physiological
appetite regulation is warranted as this provides the basis for understanding potential mechanisms
involved in regulating appetite following these forms of intense exercise.
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Physiological Regulation of Energy Intake
Overview
Our understanding of appetite has developed substantially in recent years, as the gut-brain
axis has been identified as key regulatory system which controls acute energy intake though
orexigenic (appetite-stimulating) and anorexigenic (appetite-inhibiting) signals that act to control
energy homeostasis and food intake in humans (Hussain et al. 2013). In the brain the hypothalamus
plays a predominate role in coordinating control of appetite and food intake (Morton et al. 2006)
where neural, nutrient, and hormonal signals converge in the arcuate nucleus (ARC), that has been
identified as the major control center for appetite regulation (Konner et al. 2009). Through the
ARC these episodic signals are proposed to be able act directly and indirectly on the central
nervous system, largely due to the semi-permeable blood brain barrier in this region (Broadwell et
al. 1976; Peruzzo et al. 2000). Within the ARC the neuronal populations orexigenic neuropeptide
Y/agouti-related peptide and anorexigenic pro-opiomelanocortin/cocaine- and amphetamineregulated transcript containing neurons are thought to predominantly control the regulation of food
intake (Cone et al. 2001). While the hypothalamus seems to be the main control center for
regulation of food intake, recently the brainstem has been implicated as another key area of food
intake regulation (Grill et al. 2002), as the mentioned episodic signals can act directly on the
brainstem as well as indirectly through vagal nerve stimulation (Chaudhri et al. 2006). Though
various hormones have been proposed to have effects on regulating appetite, acute appetite
regulation is predominantly controlled through episodic signals released from the gut and
gastrointestinal tract, where their release can be activated by mechanoreceptors and
chemoreceptors in the gut (Harrold et al. 2012). While it is acknowledged that there are various
episodic signals that contribute to appetite regulation the focus will be on those gastrointestinal
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hormones which have been shown to acutely effect appetite and those that have been shown to be
modulated in the post-exercise period.
Ghrelin: The Orexigenic Hormone
Ghrelin, ‘the hunger hormone’ is a 28-amino acid peptide hormone which is released
predominantly derived from endocrine cells in the gut and is the only known orexigenic hormone
which effectively inhibits appetite (Kojima et al. 2005). Ghrelin has also been shown to increase
gastrointestinal motility, decrease fat utilization and stimulate growth hormone release (Kojima et
al. 2005; Patterson et al. 2011). Ghrelin is possibly the most well studied gut hormone, where
levels have been shown to be elevated before meals and decline post-prandially, suggesting it has
a powerful role in regulating food intake (Ariyasu et al. 2001; Tschop et al. 2001; Havel 2002).
Ghrelin is a potent appetite stimulator, where several studies have shown peripheral administration
effectively increase food intake in both rodents and humans (Wren et al. 2001a; Wren et al. 2001b).
Ghrelin inhibits appetite through stimulation of vagal afferent neurons as well as direct action in
the ARC where it can alter activity of orexigenic neurons to modulate food intake (Cummings et
al. 2001) as well as other regions in the hypothalamus and brainstem (Lawrence et al. 2002).
Endogenously produced ghrelin requires activation by the enzyme ghrelin O-acyl transferase
(GOAT), which adds an 8-carbon fatty acid (octanoyl) that allows this now acylated-ghrelin to
exert its orexigenic effects (Yang et al. 2008) on neurons in the hypothalamus to increase appetite
(Nakazato et al. 2001; Chen et al. 2004). Circulating levels of ghrelin have been shown to be lower
in obese individuals and less responsive to food intake (English et al. 2002), where levels tend to
rise after diet-induced weight loss (Cummings et al. 2001) suggesting that ghrelin has a key role
in the physiological regulation of appetite and is highly important for weight maintenance.
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Anorexigenic Glucagon-like Peptide-1 (GLP-1)
Glucagon-like peptide-1 (GLP-1) is an anorexigenic peptide which is formed from the
cleavage of the pre-pro-glucagon precursor (Dhanvantari et al. 1996). GLP-1 is secreted from the
L cells of the gastrointestinal tract post-prandially, reacting proportionally to calories consumed
and is especially sensitive to carbohydrate consumption (Turton et al. 1996). The two biologically
active forms of GLP-1 are GLP-17-36 and GLP-17-37, as receptors for these two active forms can be
found in the hypothalamus and brainstem (Small et al. 2004). GLP-1 has been shown to inhibit
appetite through central pathways targeting the hypothalamus and brainstem as well as indirect
pathways through vagal nerve stimulation (Drucker et al. 2006; Harrold et al. 2012). The
anorexigenic effects of GLP-1 have been demonstrated well as central and peripheral
administration has been shown to inhibit food intake and appetite in both humans and rodents
(Turton et al. 1996; Gutzwiller et al. 1999; Naslund et al. 1999; Verdich et al. 2001). As mentioned
GLP-1 is secreted from a common origin with PYY and subsequently the two hormones have
shown synergistic effects on appetite suppression (Neary et al. 2005). While the anorexigenic
effect of GLP-1 is preserved in obese individuals, much like PYY there seems to be a blunted
response when compared to lean and healthy individuals (Verdich et al. 2001), again suggesting a
relevant role for individuals who have difficulties combating weight gain.
Anorexigenic Peptide YY (PYY)
Peptide YY (PYY) is an anorexigenic gut hormone and part of the pancreatic polypeptide
(PP)- fold family, which is secreted from L cells in the gastrointestinal tract (Hussain et al. 2013).
PYY3-36 is the active form of PYY, where low concentrations are exhibited in the fasting state and
increase post-prandial with respect to calories consumed and protein content of food intake (Adrian
et al. 1985; Batterham et al. 2003; Batterham et al. 2006). The active form of PYY binds
19

preferentially to the Y2 receptor in the ARC, and indirectly through Y2 receptors on the vagal nerve
to modulate appetite regulation in the hypothalamus (Chaudhri et al. 2006). The anorexigenic
effects of PYY have been well demonstrated, as peripheral administration in both human and
rodent studies have demonstrated appetite suppression (Degen et al. 2005; Chaudhri et al. 2006;
Vrang et al. 2006; Sloth et al. 2007). In obese individuals blunted PYY responses have been
reported (Batterham et al. 2003), which suggests impairments in post-prandial satiation may play
an important role in the inability of individuals to effectively manage body weight (le Roux et al.
2006).
It should be noted that many other hormones have been identified and are involved in acute
and more long-term appetite regulation in humans (Blundell et al. 2015) and furthermore, there
have also been others which have shown to be affected by exercise (Hazell et al. 2016). For this
thesis, only the hormones that are thought to be sensitive to acute energetic perturbations and those
with the most promise in this area have been discussed. For example, the well-studied hormone
leptin is not affected by transient changes in energetics and instead reflects more long-term changes
in energy stores (Schubert et al. 2014). Furthermore, the identified anorexigenic gut hormones
cholecystokinin (CCK) and pancreatic polypeptide (PP) have not shown consistent relationships
in response to acute exercise (Hazell et al. 2016), so for the mentioned reasons these hormones
were not included in the discussion.
Exercise and Appetite
A vast amount of research has been conducted on the role of exercise in modulating
appetite, where the general conclusion has been that acute exercise results in an inhibition of
appetite, at least partially through changes in gastrointestinal hormones. This is supported by a
recent meta-analysis (Schubert et al. 2014), which has shown a median 16.5% decrease in acylated
20

ghrelin area under the curve (AUC) values, a median increase of 8.9% in PYY AUC values and a
median increase of 13.1% in GLP-1 AUC values, which suggests a small to moderate effect on
physiological appetite suppression following acute exercise.

It should be noted that while

physiological appetite is suppressed following exercise, this does not necessarily coincide with
decreased energy intake. This is highlighted in a separate meta-analysis (Schubert et al. 2013), as
changes in energy intake when participants were fed ad libitum meals following exercise was
equivocal. However, the results did not suggest that individuals compensated in relation to energy
expenditure, therefore suggesting that exercise may still play a vital role in energy balance and
ultimately weight maintenance or weight loss. These equivocal findings are largely related to the
complexity involved in food intake regulation, where physiological mechanisms are only one
component in the food intake regulation model discussed prior. Recently the individual variability
in measuring these hormone concentrations has been discussed and day-to-day variation exists in
measuring these hormones, the post-exercise response to exercise has been shown to be very
consistent (King et al. 2017). It should also be mentioned that in both meta-analyses, most of the
studies included involved moderate-intensity continuous exercise (MICT), at exercise intensities
less than 75% V̇O2max, as less research has been conducted on appetite regulation following highintensity exercise that has shown more promising findings in appetite suppression post-exercise.
High-Intensity Exercise
While less research has been conducted on high-intensity exercise (>75%V̇O2max) and
appetite regulation, it has been largely acknowledged that exercise intensity plays a key role in
suppressing appetite, where recent data has started to identify a dose-dependent relationship with
exercise intensity and appetite suppression (Islam et al. 2017). This dose-dependent relationship
has largely been found to be controlled through changes in acylated ghrelin (Broom et al. 2007;
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King et al. 2010; Wasse et al. 2013), while findings regarding the anorexigenic hormones PYY
and GLP-1 have not consistently suggested dose-dependent relationships. While overall PYY has
demonstrated an increase following acute exercise, its role in high-intensity exercise has been
equivocal as some studies have shown an increase (Deighton et al. 2013b; Hazell et al. 2017a),
while others demonstrate no change (Martins et al. 2015). This equivocal relationship has also
been shown with GLP-1, where high-intensity exercise either increases (Martins et al. 2015) or
demonstrates no change (Beaulieu et al. 2015) post-exercise. From these equivocal results, it has
been suggested that PYY and GLP-1 may be modulated more by exercise duration and/or total
caloric expenditure, although further work is warranted to elucidate their response to high-intensity
exercise (Hazell et al. 2016).
The overall suppression of appetite seems to be more pronounced following these highintensity intermittent exercise protocols, where studies have highlighted exercise intensity as an
important appetite regulatory stimulus (Broom et al. 2007; Ueda et al. 2009; King et al. 2011;
Deighton et al. 2013a; Deighton et al. 2013b; Sim et al. 2014; Hazell et al. 2016; Broom et al.
2017; Hazell et al. 2017a; Islam et al. 2017). This is further supported by specific comparisons
between moderate-intensity continuous exercise and HIIT/SIT exercise, which suggests that these
intense forms of exercise promote greater changes in hormone concentrations in directions which
favour appetite suppression and/or reduced EI post-exercise (Ueda et al. 2009; Deighton et al.
2013a; Deighton et al. 2013b; Alkahtani et al. 2014; Sim et al. 2014; Broom et al. 2017; Hazell et
al. 2017a). This data is intriguing as prior evidence suggested that overall exercise had small to
moderate effects on food intake however, most of this data involved moderate-intensity exercise.
As mentioned prior, recent studies investigating interval training and appetite regulation
demonstrate evidence for physiological appetite suppression and decreased energy intake
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following intense interval training exercise, indicating a viable explanation for fat mass loss during
HIIT and SIT exercise. While appetite is suppressed following during these modalities of exercise,
the mechanisms involved are largely unknown and require further investigation.
Lactate: A Potential Mechanism of Appetite Suppression
Several potential mechanisms have been suggested which can possibly explain these
alterations in appetite regulating hormones following intense exercise including: redistribution of
blood flow, sympathetic nervous system activity, gastrointestinal motility, interleukin-6, free fatty
acids, blood glucose and insulin, lactate production and body temperature (Hazell et al. 2016).
While these mechanisms could be potential explanations to alterations in appetite regulating
hormones the focus of this dissertation will be on lactate as a potential mechanism of appetite
suppression during high intensity exercise as it seems to be one of the most viable explanations.
Recent investigations have highlighted a potential relationship between acylated ghrelin and blood
lactate levels post-exercise (Islam et al. 2017) and while this exploratory correlational data is
intriguing independent investigations are needed to elucidate these mechanisms. To understand
lactate as a potential signalling molecule of appetite suppression following HIIT an overview of
HIIT metabolism and the role of lactate during intense-exercise is warranted.
Energy Provision during HIIT
When an individual performs high-intensity exercise there is an increased reliance on
anaerobic metabolic pathways for energy provision. However, aerobic pathways never cease and
as duration of exercise increases so does the relative contribution of these pathways to energy
provision (Gastin 2001).

Anaerobic metabolism during high-intensity exercise involves

phosphocreatine (PCr) stores and glucose units derived mainly from intramuscular glycogen to be
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broken down by differing enzymes via substrate-level phosphorylation to rapidly replenish the
intramuscular adenosine triphosphate (ATP) stores required to fuel actin-myosin cross-bridge
cycling, sarcolemma excitability, and the reuptake of calcium into the sarcoplasmic reticulum
(Hawley et al. 2014). The regulation of glycogen breakdown is a multifactorial process during
intense exercise, as the enzyme glycogen phosphorylase is predominantly under allosteric
regulation, where inorganic phosphates from PCr and ATP breakdown stimulate this enzyme to
rapidly breakdown intramuscular glycogen (Jensen et al. 2012). These glucose units undergo
glycolysis during this period where several intermediate enzymes modify these units to produce
ATP. Pyruvate is the main product of glycolysis, where during intense exercise it is quickly
converted into lactate by the enzyme lactate dehydrogenase B and the intermediate nicotinamide
adenine dinucleotide (NAD), which permits glycolysis to continue to produce ATP and provide
energy for the contracting muscle. As a result, substantial amounts of lactate accumulate during
intense exercise. A discussion of this metabolite is warranted as thinking has changed on its role
in high-intensity exercise metabolism in recent years.
Lactate: Where are we now?
Lactate has been a key ion for many years in exercise physiology research, but recently
new theories of lactate metabolism have emerged which have challenged our fundamental beliefs
of how lactate is produced and metabolized (Nalbandian et al. 2016). Early research discussed
lactic acid as a waste product of glycolysis that quickly disassociated into lactate and a hydrogen
ion, which subsequently caused muscular acidosis and correlated with muscular fatigue (HollidgeHorvat et al. 2000). Research has largely dispelled this theory as while lactate levels correlate well
with muscular fatigue, there is little to no evidence that lactate impairs calcium release or force
production (Cairns 2006). Furthermore, while seldom preached, lactate has been shown to have
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performance enhancing and ergogenic properties, as sodium lactate ingestion has coincided with
improved performance during high-intensity exercise (Van Montfoort et al. 2004). These findings,
along with the challenging of early correlational type observations has led to new theories of how
lactate is produced and metabolized in the muscle cell.
It has been largely accepted that lactate itself is not the cause of acidosis in the muscle
cell. This is because during the first intermediate step in glycolysis (3-phosphoglycerate), there is
no proton present to be released and while pyruvate and lactate are produced, the increase in H+
does not come from lactate production and has been argued to stem from the ATP hydrolysis
equation (Robergs et al. 2004). Lactate, while initially thought to be the cause of muscular acidosis
has now been shown to be protective against the same phenomenon. Lactate helps to co-transport
H+ out of glycolytic muscle fibers through the monocarboxylate transporter 4 (MCT4) and simple
diffusion (accounting for ~75% of H+ release), where once diffused it can be transported to
different tissues such as the heart, liver, and brain where it can be used as fuel for energy provision
(Nalbandian et al. 2016). An important theory to consider for high-intensity exercise is the “lactate
shuttle theory”, where once lactate is present in the interstitial space it can be transported into
oxidative muscle fibers through monocarboxylate transporter 1 (MCT1) transporter proteins, and
converted back into pyruvate to be used as a fuel for energy provision (Brooks 1986). This
suggests that lactate itself is not the cause of intramuscular acidosis and lactate should not be
considered a by-product of energy provision but rather an important ergogenic signalling molecule,
which helps to buffer intramuscular acidosis and slow the pH decline during intense exercise. It’s
role as a signalling molecule becomes even more important during HIIT exercise, where the
demand on anaerobic energy pathways is maximal and causes large pH disturbances within the
muscle cell (Siegler et al. 2016). These new theories of lactate metabolism provide an exciting
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area of study with HIIT exercise, as the rethinking of lactate as a signalling molecule supports the
investigation into lactate as a potential molecular signal for appetite suppression following intense
forms of exercise.
Lactate, Ghrelin, and Appetite Suppression
As mentioned prior, there are substantial amounts of lactate accumulation in the muscle as
well as in the blood during high-intensity exercise, where lactate has been shown to have a
significant role in buffering pH and as a signalling molecule between tissues. This leads to the
logical theory that lactate may play a significant role as a signalling molecule for appetiteregulating hormones during intense exercise (Hazell et al. 2016) as it is a predominant metabolite
during intense-intermittent exercise. Furthermore, a large amount of lactate accumulates in the
blood during exercise, which coincides with increases and/or decreases in circulating appetiteregulating hormones (Islam et. al 2017), allowing there to be a potential interaction between the
two metabolites and specifically with acylated ghrelin, where some basic scientific research
supports this idea.
Acylated ghrelin releasing cells are highly enriched with G protein-coupled receptor 81
(GPR81) receptors which are specific to lactate and while they are largely expressed in ghrelin
cells these receptors are only lowly expressed in GLP-1 cells (Engelstoft et al. 2016). This suggests
that the key role lactate may have in appetite suppression is largely modulated through inhibition
of ghrelin release. This is supported by research demonstrating an inhibition of ghrelin release in
gastric mucosal cell cultures when exposed to lactate (Engelstoft et al. 2013). This is a very
important concept as a potential mechanism by which exercise (and lactate accumulation) could
alter appetite. The anorexigenic role of lactate is further expressed in both rats and humans, where
the peripheral administration of lactate has shown to supress energy intake (Nagase et al. 1996;
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Schultes et al. 2012). Furthermore, central administration of lactate has subsequently lead to
decreased energy intake and body weight in rats (Lam et al. 2008), furthering the case for the
potential role of appetite suppression in humans.

There is a large amount of lactate that

accumulates when exercise is performed above the lactate threshold (the case with HIIT exercise)
and supports a possible link between increased lactate and decreased acylated ghrelin
concentrations post-exercise.
This research evidence suggests a potential link between appetite suppression following
high-intensity exercise and lactate accumulation which is further supported by recent data from
our laboratory (Islam et al. 2017), where an intensity-dependent relationship between exercise and
acylated ghrelin has been demonstrated as a bout of SIT exercise demonstrated a greater prolonged
suppression of acylated ghrelin compared to control, moderate-intensity continuous exercise (65%
V̇O2max) and vigorous-intensity continuous exercise (85% V̇O2max). Lactate was also shown to
have the largest increase post-exercise in the SIT condition, as well as 30 min post-exercise
compared to other conditions. In terms of the relationship between changes in blood lactate and
changes in acylated ghrelin post-exercise, they exhibited a moderate negative correlation (r=-0.45,
p<0.001) over all conditions, while also demonstrating a moderate negative correlation (r=-0.60,
p<0.001) using the area under the curve (AUC) values for acylated ghrelin and lactate from preexercise to immediately-post. This is consistent with results in overweight males following
submaximal and supramaximal interval cycling (Sim et al. 2015). While these data do not
demonstrate causation, they do support the idea that lactate may have potentially significant effects
on ghrelin release and concentrations post-exercise. Furthermore, decreases in appetite and/or
energy intake may be mediated via central lactate metabolism (Lam et al. 2008) through increases
in hypothalamic malonyl-CoA and subsequent changes in orexigenic and anorexigenic

27

neuropeptides (Cha et al. 2009), which has been shown by an overall reduced energy intake
following high-intensity exercise (Islam et al. Submitted). Overall, this new data suggests that this
relationship may be enhanced by artificially increasing the amount of lactate that is released into
the blood, which should coincide with further appetite suppression and decreased ghrelin release
post-exercise, if lactate is indeed a potent stimulus for acylated ghrelin and appetite suppression
post-exercise.
Potential Avenues to Manipulate Lactate Accumulation
As discussed prior, large pH disturbances occur during HIIT exercise, where there is a
substantial accumulation of lactate and H+. Sodium bicarbonate (NaHCO3) supplementation has
been widely studied as an ergogenic supplement in exercise physiology for over 40 years, as it has
been shown as the most consistent and effective supplement to improve performance during single
and repeated bouts of high intensity exercise, by increasing blood buffering capacity and slowing
the pH decline during intense exercise (Siegler et al. 2016). A recent meta-analysis has shown that
NaHCO3 supplementation has clear performance enhancement of 1.7% at a dosage of 0.3 gkg1

BM-1 prior to a 1 minute sprint, where greater performance enhancements were seen with

repeated sprint exercise and a slightly higher NaHCO3 dosage (Carr et al. 2011). In addition,
during high-intensity exercise NaHCO3 supplementation has been shown to lead to increased
production, intramuscular accumulation, and efflux of lactate in human skeletal muscle (HollidgeHorvat et al. 2000). This has been shown to be augmented by the ability of NaHCO3 to slow the
pH decline in skeletal muscle and subsequently allow greater glycogen breakdown, pyruvate
formation and increased adenosine diphosphate (ADP), adenosine monophosphate (AMP), and
inorganic phosphate (Pi) concentrations (Hollidge-Horvat et al. 2000).
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While most of the research on NaHCO3 ingestion has focused on performance
improvements and understanding physiological mechanisms of improved performance, recently
sodium bicarbonate has been studied as an ergogenic aid to increase metabolic adaptations to
interval training using work matched protocols. Eight weeks of work matched HIIT when
supplementing with NaHCO3 compared to placebo has shown improvements in lactate threshold
and greater anaerobic exercise performance (Edge et al. 2006). More recent studies have shown
that during an acute worked matched HIIT session NaHCO3 can augment skeletal muscle
glycogenolysis and enhance the expression transcription factors involved in mitochondrial
biogenesis during recovery (Percival et al. 2015). While the data on work matched protocols and
NaHCO3 supplementation is less substantial, higher plasma lactate concentrations and
augmentation of skeletal muscle glycogenolysis suggests an increased reliance on anaerobic
metabolism during exercise (Edge et al. 2006; Percival et al. 2015). These findings also mirror
what has been shown with unmatched protocols, where higher rates of skeletal muscle glycogen
utilization and elevated accumulation of plasma and muscle lactate has been demonstrated
following exercise (Bouissou et al. 1988; Hollidge-Horvat et al. 2000; Stephens et al. 2002; Bishop
et al. 2004). With HIIT, there is a tremendous demand on anaerobic metabolism for energy
provision that has been shown to be increased with NaHCO3 supplementation in work matched
protocols, where greater intramuscular, extracellular and efflux of lactate has been shown.
Therefore, since NaHCO3 is effective in increasing blood lactate levels, the ergogenic supplement
can be used to elucidate lactate as a potential mechanism of appetite suppression, as differential
lactate levels should invoke differential responses in appetite regulating hormones if this indeed a
mechanism involved in further suppressing appetite following HIIT exercise.
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Gaps in the Literature
1.

While HIIT has shown appetite suppression and this coincides with increased blood lactate
levels, no studies have attempted to manipulate lactate levels to further elucidate lactate as a
mechanism of physiological appetite suppression through alterations in gut-derived appetite
regulating hormones.

2.

Furthermore, whether greater circulating blood lactate levels through NaHCO3 ingestion and
work-matched HIIT will result in a greater restriction of energy intake is unknown.

Hypotheses
1. Ghrelin concentrations will decrease, and lactate levels will increase post-exercise in both
conditions, while the NaHCO3 supplementation condition will demonstrate greater lactate
accumulation and lower ghrelin concentrations post-exercise.
2. Furthermore, GLP-1 and PYY concentrations will increase in response to exercise
(suppressing appetite and increasing satiety) but will not be further increased in the NaHCO3
condition.
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CHAPTER 2 – MANUSCRIPT
Examining the role of lactate in appetite regulation following high-intensity exercise
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Abstract
Background: Intense-exercise has demonstrated an appetite suppressing effect post-exercise,
however the involved mechanisms are not well understood, though lactate may be a potential
mechanism. As sodium bicarbonate (NaHCO3) can alter lactate accumulation post-exercise
without manipulating exercise-intensity, it presents an intriguing means to investigate lactate’s
potential role. Purpose: To examine the lactate’s role in appetite-regulation using NaHCO3 to
alter blood lactate concentrations during high-intensity exercise. Methods: Eight males completed
two identical exercise sessions of high-intensity interval training (10 x 1 min @~90%HRmax, 1 min
recovery), where they ingested either 0.4 g·kg-1 NaHCO3 (BICARB) or an equimolar amount of
NaCl (PLAC) pre-exercise. Blood samples were obtained pre-exercise, as well as 30, 60, and 90
min post-exercise for measurement of acylated ghrelin, active glucagon-like peptide-1 (GLP-1),
active peptide tyrosine tyrosine (PYY), and blood lactate. Appetite perceptions were assessed at
the same time points. Results: Blood lactate was greater in BICARB post-exercise (P=0.005) and
resulted in a lower acylated ghrelin response at 90 min post-exercise compared to PLAC. Active
GLP-1 only increased at 90 min post-exercise (P <0.025) and active PYY did not increase from
pre-exercise values (P>0.092), furthermore neither were different between conditions (P>0.429).
Perceptions of appetite were not different between conditions but did not increase up until 60 min
post-exercise (P<0.013). Conclusion: These findings further elucidate the important role of
lactate in appetite regulation following intense intermittent-exercise.
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Introduction
The physiological regulation of energy intake involves a complex interplay between key
brain regions and peripheral organs and tissues that secrete hormones involved in regulating energy
homeostasis (Hussain et al. 2013). Acute energy intake is regulated by these hormones which can
be either orexigenic (appetite-stimulating) or anorexigenic (appetite-inhibiting) and can influence
our perceptions of hunger and satiety (Harrold et al. 2012). The only peripheral signal known to
stimulate appetite is the peptide hormone ghrelin, which is released from endocrine cells in the
stomach during periods of energy deficit (Kojima et al. 2005). The initial product released is
quickly converted to the biologically active from acylated ghrelin by the enzyme O-acyl
transferase (GOAT) and is subsequently released into the periphery (Yang et al. 2008). There are
several hormones found to act in opposition to ghrelin, including peptide tyrosine tyrosine (PYY)
and glucagon-like peptide-1 (GLP-1) which are both released from intestinal L-cells (Hussain et
al. 2013), are highly responsive to nutrient consumption (Turton et al. 1996; Batterham et al. 2006).
Both peptides have biologically active forms (PYY3-36, GLP-17-36, and GLP-17-37), that effectively
act to increase perceptions of satiety (Hussain et al. 2013).
Acute exercise has been shown to lead to decreases in acylated ghrelin with simultaneous
increases in active forms of GLP-1 and PYY (Schubert et al. 2014). Furthermore, recent evidence
has suggested an intensity-dependent relationship between exercise and appetite suppression
(Islam et al. 2017), through both physiological signaling and changes in perception of appetite,
highlighting the role of intense-exercise in suppressing appetite. Many have described the effect
of various exercise intensities on appetite-regulation, but only recently has research focused on the
specific mechanisms involved (Hazell et al. 2016; Hunschede et al. 2017; Islam et al. 2017).
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Exercise inducing increases in blood lactate (i.e. above ventilatory threshold) has been
shown to correlate highly with acylated ghrelin area under the curve values (AUC) (Islam et al.
2017). Furthermore, in other investigations demonstrating a decrease in acylated ghrelin postexercise with HIIT reductions in ad libitum energy intake and elevations in blood lactate have been
observed (Sim et al. 2014). Basic cell-culture work has shown that acylated ghrelin releasing cells
are highly enriched with G protein-coupled receptor 81 (GPR81) receptors that are specific to
lactate and allow lactate to effectively inhibit ghrelin release through these receptors (Engelstoft
et al. 2013; Engelstoft et al. 2016). Furthermore, peripheral lactate administration in both humans
and rodents has demonstrated decreased energy intake (Nagase et al. 1996; Schultes et al. 2012),
highlighting the potential importance of this molecule in modulating appetite. This presents lactate
as a potential novel mechanism to explain appetite suppression following high-intensity exercise.
Furthermore, our understanding of lactate metabolism has changed in recent years, and recent
evidence supports the role of lactate as a signalling molecule during intense-exercise (Nalbandian
et al. 2016; Brooks 2018), and strengthens the claim that lactate may play a key role in postexercise appetite suppression through its signalling mechanisms.
Sodium bicarbonate (NaHCO3) is an ergogenic aid that improves the muscles buffering
capacity resulting in increases in work capacity, delaying intramuscular acidosis, and subsequently
improving performance (Carr et al. 2011; Siegler et al. 2016). Work-matched HIIT protocols using
NaHCO3 have been able to demonstrate significantly higher blood lactate concentrations using the
supplement and provides a potential means to manipulate blood lactate levels alone without
manipulating exercise intensity (Edge et al. 2006; Percival et al. 2015). This provides a novel
means to effectively investigate whether altering blood lactate levels alone leads to greater appetite
suppression through inhibition of ghrelin release. Furthermore, the use of work-matched HIIT
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exercise with NaHCO3 ingestion in this initial study allowed for the manipulation of blood lactate
concentrations, while maintaining other proposed potential mechanisms of appetite-suppression
post-exercise, making this a key strength compared to other investigations.
The primary purpose of this study was to examine the effects of altered blood lactate levels
on appetite-regulating hormones through NaHCO3 ingestion during a work-matched, cycling based
HIIT exercise bout. We hypothesized that increases in blood lactate in the NaHCO3 condition
would lead to increased inhibition of ghrelin in the post-exercise period, that may favour an
increased appetite suppression both physiologically and perceptually when individuals
experienced higher blood lactate concentrations.
Methods
Participants
Eight active males (18-35 y) were recruited to participate in this experimental study. This
number of participants was determined using a power calculation for expected changes in blood
lactate concentrations (Percival et al. 2015) between supplement and placebo conditions
immediately post-exercise. All participants participated in vigorous exercise at least 3 times per
week and were comfortable performing high-intensity and exhaustive exercise bouts. All
participants provided written and informed consent (Appendix E) prior to participation in this
study. Participants were apparently healthy, non-smokers, and were not taking any medications
or dietary supplements during the study.

Prior to the start of the study informed consent was

obtained (see appendix) and all participants passed the Physical Activity Readiness Questionnaire
(PAR-Q+; Appendix A) health survey (Warburton et al. 2011). Ethics approval was obtained from
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the Research Ethics Board at Wilfrid Laurier University in accordance with the 1964 Declaration
of Helsinki.
Pre-experimental Procedures
Participants completed two familiarization sessions before the experimental sessions.
During the first familiarization session participants were acclimated to the exercise equipment, as
well as the types and degrees of effort required during the exercise protocols. Height was measured
to the nearest 0.5 cm and weight to the nearest 0.1 kg with a physician beam scale (Health-o-meter
Professional, Sunbeam Products, Inc. Florida, USA). Participants were assessed for body fat
percentage using a 7-site skinfold caliper method, where % body fat was calculated based on
demographic equations (Jackson et al. 1978). Participants then completed an incremental exercise
test to volitional exhaustion to determine maximal oxygen consumption (V̇O2max) and maximum
work rate (Wmax) on a Velotron electronically braked cycle ergometer (RacerMate, Inc., Seattle,
Washington USA). Gas collection was measured using an online breath-by-breath gas collection
system (MAX II, AEI technologies, PA, USA) and heart rate was recorded throughout the test
using an integrated HR monitor (Polar Electro, New York, USA). Before testing, gas analyzers
were calibrated using gases of known concentrations and a 3-L syringe for flow. After a 5-min
warm-up at 50 Watts (W) on the cycle ergometer work rate increased by 1 Watt every 4 sec from
50 W until the participant could no longer maintain a pace greater than 50 rpm or they reached
volitional exhaustion. V̇O2max was defined as the greatest 30-second average which VO2 plateaus
(<1.35 mLkg-1min-1) despite increases in workload, or two of the following criteria 1) respiratory
exchange ratio >1.10; 2) maximal HR (within 10 bpm of age predicted maximum [220-age] and/or;
volitional exhaustion. The power output at V̇O2max (Wmax) and the maximum HR (HRmax) attained
were used to determine interval workloads for subsequent HIIT sessions. To verify that the
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participant has indeed achieved their V̇O2max a verification phase commenced after a rest period of
10 min following the commencement of the test, as recommended by (Poole et al. 2017). A
workload 10% greater than Wmax was selected, and participants were asked to pedal at 70-90
revolutions per minute (RPM) until volitional exhaustion (~3-5 minutes) or they could no longer
maintain 50 RPM. If there was a plateau in VO2 during this verification phase and the values did
not differ by >1.35 mLkg-1min-1 the test was deemed a valid V̇O2max test. If participants did not
meet these criteria during the verification phase, participants would have been asked to come into
the lab on a separate day to re-evaluate their V̇O2max.
Participants were also familiarized on a separate day following the first familiarization
session to become accustomed to the experimental protocol and to validate that the selected
workload elicits ~90%HRmax, which consisted of four 60 sec cycling efforts, mimicking the HIIT
intervention (see exercise protocol for further details).
Experimental Sessions
After familiarization participants will perform two experimental trials in a randomized,
double-blinded, counterbalanced order separated by at least 1 week.

All participants were

instructed to perform no physical activity and to not consume any alcohol 24 h prior before any
laboratory visit and to refrain from caffeine consumption 12 h prior.
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Figure 1 – Experimental session timeline overview.
Participants arrived at the laboratory at 0800 h, where they remained in the laboratory for
the next ~3.5 h. Each trial included a 25 min HIIT session, where the only difference between
trials was the supplement ingested prior to exercise. For one trial, participants ingested 0.2 gkg1

body mass of NaHCO3 at 90 and 60 min prior to exercise (total dose of 0.4 gkg-1) while the other

trial had the participants ingest an equimolar amount of sodium chloride (NaCl), acting as an
equivalent placebo. All supplements were provided in capsule form, so participants were blinded
to which condition they received. This dosing protocol has been used previously to ensure
treatment differences, minimize gastrointestinal distress, and allow for the largest difference in
lactate levels between conditions (Percival et al. 2015). Before arriving at the lab participants were
instructed to consume ~250 mL of water before bed the night prior, as well as ~250 mL upon
waking. Furthermore, participants were asked to properly hydrate in the days preceding the
exercise session. Water was provided ad libitum throughout the exercise session, and participants
were reminded to consume water if they were thirsty throughout the experimental session to help
with ingestion of the supplement capsules. Upon arrival, participants consumed their first round
of supplementation (either NaHCO3 or NaCl) and a standardized breakfast (7 kcalkg-1) consisting
of an adequate amount (g) of Chocolate Chip Clif Bar (68% carbohydrates, 17% fat, 15% protein).
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Participants then relaxed, sitting quietly in the laboratory until it was time to consume their second
round of supplementation at 0830 h and then continued to relax quietly (reading or using a laptop)
until it was time to exercise. Exercise commenced at 0930 h, where participants performed the 25
min HIIT session. Upon completion of exercise (1000 h), participants rested quietly for an
additional 90 min. Venous blood samples were obtained at relative time points of 0930 h (preexercise), 1000 h (immediately post-exercise), 1030 h (30 min post-exercise), 1100 h (60 min postexercise), and 1130 h (90 min post-exercise). Appetite perceptions were assessed at the same
blood sampling time points. Identical procedures will be used in both sessions, as the only
difference between the experimental sessions was the supplement ingested prior to exercise.
Participants were asked to replicate their dietary intake for the day prior to the experimental
session. Participants were provided a copy of their dietary intake from the day prior to their first
experimental session and were subsequently asked to replicate that intake on the day prior to their
second experimental session to ensure similarity.
Exercise Protocol
The HIIT sessions were performed on the Velotron electronically braked cycle ergometer
(RacerMate, Inc., Seattle, Washington USA), which was used in constant Watt mode. The HIIT
protocol involved 10 x 60 s cycling bouts interspersed with 60 s recovery as previously mentioned.
Participants were asked to pedal at a cadence of 80-100 rpm during interval bouts, where a
workload known to elicit ~90% HRmax (~75% peak power output) was selected from
familiarization sessions. Heart rate was recorded throughout the exercise session, as the peak heart
rate during each interval was recorded. During the 1 min of recovery participants were instructed
to perform active recovery by pedalling slowly against 50 W of resistance, for a total time
commitment of 25 min (including a 3 min warm-up and a 2 min cool down at 50 W).
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Blood Processing and Analysis
Blood samples were collected by venipuncture from the antecubital vein while participants
were in a supine position for the measurement of acylated ghrelin, active GLP-1 (GLP-17-36 and
GLP-17-37), active PYY3-36, and blood lactate. Two samples (3 mL whole blood each) were
collected into separate pre-chilled Vacutainer tubes coated with K2 EDTA (5.4 mg) at each time
point. A droplet of blood was taken from one of the vacutainer tubes immediately and placed on
a lactate strip for the measurement of blood lactate using a hand-held analyzer (Lactate Plus, Nova
Biomedical, USA), which was calibrated according to manufacturer’s specifications and has
shown high levels of accuracy and reliability when compared to standard radiometers (Tanner et
al. 2010). In the first tube, 40 uL of AEBSF (25 mgmL-1) was added to whole blood to prevent
degradation of acylated ghrelin. In the other tube, 10 uL of DPP-IV inhibitor and 500 KIU of
aprotinin per mL were added to prevent inactivation of GLP-1 and ex-vivo conversion of PYY1-36
to PYY3-36. All tubes were gently inverted 8 times and centrifuged at 3000 g for 10 min. The
plasma supernatant was then dispensed into Eppendorf tubes, while the plasma from the ghrelin
Vacutainer was acidified by the addition of 100 uL of HCl per mL of plasma. All plasma
supernatant was subsequently stored at -80°C for subsequent analysis, as previously described
(Islam et al. 2017). Commercially available enzyme-linked immunosorbent assay kits were used
to determined plasma concentrations of acylated ghrelin (EMD Millipore, MA, USA), active GLP1 (EMD Millipore, MA, USA) and active PYY (Phoenix Pharmaceuticals, CA, USA) according
to manufacturer’s instructions. All samples were run in duplicate and batched analyzed for each
participant to eliminate inter-assay variation. Respective coefficients of variation were all within
manufacturers specifications: acylated ghrelin = 4.1±3.1%, active GLP-1 = 8.8±4.8%, and active
PYY = 8.9±5.4%.
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Appetite Perceptions
Appetite perceptions were assessed similar to previous work in our laboratory (Islam et al.
2017) where perceptions of hunger (“How hungry do you feel?”), satisfaction (“How satisfied do
you feel?”), fullness (“How full do you feel?”) and prospective food consumption (“How much do
you think you can eat?”) were measured using visual analog scales (VAS) (Flint et al. 2000) with
a 100 mm scale anchored at each end with contrasting statements (“not at all” and “extremely”).
The mean values of the four appetite perceptions were used to calculate an overall appetite score
after inverting the values for satisfaction and fullness (Stubbs et al. 2000).
Statistical Analysis
All data was analyzed using GraphPad PRISM (GraphPad Software, La Jolla, CA, USA)
(Version 6.0). Due to the individual variability of absolute hormone concentrations and appetite
perceptions, changes at each time point were expressed relative to each participant’s pre-exercise
values as previously described (Gibbons et al. 2013). All area under the curve (AUC) calculations
for blood-related parameters and appetite perceptions were done using the trapezoid method and
were calculated from values relative to baseline. A paired t-test was used to compare absolute
hormone concentrations at baseline, total AUC values between sessions, and exercise parameters
(HRavg and %HRmax). A two-way ANOVA (session X time) was used to compare blood lactate
and hormone concentrations as well as overall appetite at subsequent time points. Tukey’s HSD
tests were used for post-hoc analysis when necessary. A sample size calculation was used to
determine the number of participants needed for this study to achieve differential blood lactate
levels between groups. Based on previously published data (Percival et al. 2015) for an effect size
of 0.2 and a power of 0.80, it was determined that 8 participants would be needed. Furthermore,
a sample size calculation was for expected changes in acylated ghrelin based on previously
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published data (Islam et al. 2017) revealed 8 participants was also sufficient to detect changes in
acylated ghrelin with an effect size of 0.2 and a power level of 0.80. Significance was set at
p<0.05. All data is presented as means ± standard deviation (SD).
Results
Participant characteristics
Eight recreationally active male participants were recruited for this study with a mean
V̇O2max of 44.19±7.21 mL·kg-1·min-1 and the following physical characteristics: height: 174.9±5.2
cm; weight: 74.5±9.9 kg; body mass index (BMI): 24.4±3.0 kg·m2; body fat: 14.6±5.2%.
Exercise Responses
The exercise protocol elicited 88±3 and 86±2% of HRmax during intervals of the A and B
trials and were not statistically different (P=0.295). Average heart rate was not different between
trials A: 169.7±14.4 bpm; B: 165.3±9.0 bpm (P=0.150). Exercise intervals were performed at a
work rate corresponding to 233.1±34.8 W (identical for both sessions) and was well tolerated by
all participants during both treatment and placebo exercise sessions.
Blood Lactate
A two-way repeated-measures ANOVA revealed a significant (session X time) interaction
(P=0.044) between BICARB and PLAC trials. The exercise-induced increase in blood lactate was
significantly greater (P=0.005) immediately post-exercise in the A condition. Blood lactate was
not significantly different at any other time points between conditions (P>0.913).
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Fig 2. Changes in blood lactate across all time points in each experimental session in absolute
concentrations. Note: a- BICARB significantly different than PLAC (P=0.005).

Acylated Ghrelin
There were no significant differences (P=0.994) in absolute acylated ghrelin concentrations
at baseline (BICARB: 214.0±90.6 pG/mL; PLAC: 198.7±103.0 pG/mL). A two-way repeatedmeasures ANOVA revealed a significant (P=0.034) interaction (session X time) for changes in
acylated ghrelin relative to baseline. Acylated ghrelin concentrations were suppressed in BICARB
condition at 90 min post-exercise (P=0.025) compared to PLAC. Acylated ghrelin was not
different between the conditions at any other time point (P>0.306). There was no difference
(P=0.105) in acylated ghrelin AUC values in BICARB compared to PLAC.
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Fig 3. A: Changes in acylated ghrelin across all time points in each experimental session relative
to baseline. Note: a - BICARB significantly different than PLAC (P=0.025). B: Area under the
curve values for each experimental session calculated from relative concentrations.

Active GLP-1
There were no significant (P=0.794) differences between absolute active GLP-1
concentrations at baseline (BICARB: 29.47 ± 11.15 pmol/L ; PLAC: 24.48 ± 15.25 pmol/L). A
two-way repeated-measures ANOVA revealed no significant (P=0.590) interaction (session X
time) for changes in active GLP-1 relative to baseline. There was a significant (P=0.013) main
effect of time and post-hoc analysis revealed significantly lower concentrations of active GLP-1
90 min post-exercise (P=0.015) compared to pre-exercise values, and additionally for 90 min
compared to 30 min post-exercise (P=0.025). There was no difference (P=0.831) in active GLP1 AUC values in condition BICARB compared to PLAC.
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Fig 4. A: Changes in active GLP-1 across all time points in each experimental session expressed
relative to baseline. Note: * main effect of time, 90 min post-exercise significantly different than
30 min post-exercise (P=0.025) and pre-exercise (P=0.015). B: Area under the curve values for
each experimental session calculated from values relative concentrations

Active PYY
There were no significant differences (P=0.994) in absolute active PYY concentrations at
baseline (BICARB: 3.03±0.46 pmol/L; PLAC: 2.63±0.55 pmol/L). A two-way repeated-measures
ANOVA revealed no significant (P>0.842) interaction (session X time) for changes in active PYY
relative to baseline. Furthermore, there was no main effect of treatment (P=0.429), or effect of
time (P=0.092). There was no difference (P=0.370) in active PYY AUC values in BICARB
compared to PLAC.
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Fig 5. A: Changes in active PYY across all time points in each experimental session expressed
relative to baseline. B: Area under the curve values for each experimental session calculated from
values relative concentrations.

Appetite Perceptions
There were no differences (P=0.999) in absolute values for overall appetite at baseline
(BICARB: 32.0±33.4 mm; PLAC: 30.6±33.6 mm). A two-way repeated measures ANOVA
revealed no significant (P=0.918) interaction (session X time) in overall appetite scores. There
was a main effect of time (P=0.001) and post-hoc analysis revealed 60 (=<0.003) and 90 (P=0.001)
min post values were greater than pre-exercise values.

Furthermore 60 (P=0.013) and 90

(P=0.001) min post-exercise values were greater than immediately post-exercise values. Lastly,
90 min post-exercise values were greater (P=0.012) than 30 min post-exercise values. There was
no difference (P=0.168) for overall appetite AUC values in BICARB compared to PLAC. Data
for individual appetite-perception questions in Appendix G.
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Fig 6. A: Changes in overall perceptions of appetite across all time points in each experimental
session expressed relative to baseline. * main effect of time, 90 min post-exercise significantly
different than 30 min post-exercise, P=0.012, pre-exercise, P=0.015, and immediately postexercise, P=0.001. 60 min post exercise significantly different from pre-exercise P=0.003 and
immediately post-exercise, P=0.013. B: Area under the curve values for each experimental session
calculated from values relative concentrations.

Discussion
Lactate was recently identified as a potential mechanism involved in appetite suppression
from intense-exercise (Islam et al. 2017). To our knowledge, this is the first study directly
examining the involvement of lactate following intense-intermittent exercise independently. This
study was designed using a work-matched HIIT paradigm; highlighting a strength in study design
as the manipulation in blood lactate concentrations occurred without altering exercise-intensity or
other potential mechanisms of appetite suppression post-exercise (Hazell et al. 2016). This novel
design and coinciding results provide further evidence of lactate’s potential role in lowering
concentrations of acylated ghrelin in the post-exercise period. Active GLP-1 and active PYY
seemed to be unaffected by manipulations in blood lactate concentrations during the post-exercise
period and concentrations of these hormones did not increase from pre-exercise values until 90
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min post-exercise following intense-intermittent exercise. Furthermore, it seems altering blood
lactate levels in this study had no independent effects on appetite perceptions.
Blood Lactate
Our study confirmed that NaHCO3 supplementation was effective in increasing blood
lactate concentrations and that this was significantly different from the placebo condition
immediately post-exercise. Furthermore, the amount of lactate generated in the NaHCO3 condition
was comparable to the blood lactate generated in the SIT exercise condition in previous
investigations (Islam et al. 2017), while the placebo condition resembled blood lactate values of
the VICT exercise condition. Furthermore, the matched-work output in the two conditions during
the HIIT session (along with corresponding HR values) confirms that the exercise completed in
the two conditions was identical, with the only difference between the two groups the differential
changes in blood lactate concentrations and minimizing the potential effects of other proposed
mechanisms of appetite-regulation post-exercise (Hazell et al. 2016). This allowed us to
independently investigate the effects of blood lactate on appetite-regulation post-exercise.
Acylated Ghrelin
One of the major findings of this study was that the higher blood lactate concentrations
associated with the NaHCO3 condition corresponded with a lower response of acylated ghrelin in
the post-exercise period. This agrees with our previously published data (Islam et al. 2017) that
highlighted the potential relationship between lactate and acylated ghrelin. Furthermore, by
manipulating blood lactate this study provides further evidence of blood lactate’s role in appetiteregulation in the post-exercise period. This lower concentration of acylated ghrelin at the 90-min
post-exercise time point agrees with previous data (Islam et al. 2017), demonstrating acylated
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ghrelin levels had not increased from pre-exercise values at the 90 min post-exercise time point.
This suggests that if lactate is involved with ghrelin suppression post-exercise, the effect may be
persistent up to a 90 min post-exercise time point. Further research is necessary to elucidate the
potential mechanism by which lactate decreases acylated ghrelin, which should shed light on why
the time course for lactate and ghrelin do not line up post-exercise. The levels of blood lactate
attained in the NaHCO3 condition were lower but relatively similar to the blood lactate values in
response to SIT in our previous investigation (Islam et al. 2017), while the placebo condition’s
blood lactate concentrations were similar to the vigorous-intensity continuous exercise session
(VICT). This highlights the potential link between the acylated ghrelin response and blood lactate
post-exercise. While the appetite-suppressing effect of acylated ghrelin immediately post-exercise
was not shown in this investigation (due to the lack of a no exercise control group), these findings
support our previous work. There could also potentially be differences in exercise protocols (HIIT
vs. SIT) used in these studies as much of the literature supporting the suppression of acylated
ghrelin post-exercise has used supramaximal SIT exercise (Deighton et al. 2013a; Martins et al.
2015; Metcalfe et al. 2015). While this study is one of the first to use a lower-intensity HIIT (as
compared to SIT), perhaps supramaximal intensities are required to elicit the greatest changes in
acylated ghrelin as higher intensities would induce greater changes in blood lactate, though the
response with NaHCO3 ingestion was similar. Previous research (albeit in overweight and obese
participants) demonstrated greater intensities of HIIT exercise suppressed acylated ghrelin
concentrations post-exercise (Sim et al. 2014) further supporting the intensity-dependent
paradigm. The suppression of acylated ghrelin has typically been compared to either no exercise
(control) or other forms of exercise, therefore we are unable to comment further. The present
results are in line with previous demonstrations of a post-exercise suppression of acylated ghrelin
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following intense exercise (Broom et al. 2007; Ueda et al. 2009; Deighton et al. 2013a; Deighton
et al. 2013b; Broom et al. 2017; Islam et al. 2017).
Active GLP-1 and Active PYY
Active GLP-1 and active PYY concentrations were not affected by manipulation in blood
lactate levels as there were no differences between groups. This was expected, as previous
investigations did not identify a relationship between blood lactate and these anorexigenic peptides
(Islam et al. 2017). Furthermore, we are aware of no mechanistic link between lactate and these
anorexigenic peptides. Active GLP-1 concentrations remained unchanged from pre-exercise
values up to 90 min post-exercise, where there was a significant decrease in concentration.
Furthermore, similar findings were demonstrated with the anorexigenic hormone active PYY, as
concentrations did not decrease and remained relatively stable throughout the exercise session.
This prolonged period of no change demonstrated though these hormones was interesting, as 90
min post-exercise represents 210 min post-prandial. Since a longer time was given in this study
for digestion than previous investigations (Islam et al. 2017), it was interesting to see that the
expected post-prandial response for these hormones was similar for GLP-1 (BICARB: 5.45±18.47; SIT: -0.05±2.00), though PYY cannot be compared due to differences in measurement
(total vs. active). This may potentially demonstrate the effect of exercise to independently blunt
the post-prandial rise in these hormones, though we cannot comment further as this study did not
include a no-exercise control group for comparison. Furthermore, previous investigations showed
increases in these anorexigenic hormones from pre-immediately post-exercise in the SIT
condition, while following HIIT exercise we did not demonstrate these increases. This could speak
to the effect exercise intensity may have on these anorexigenic hormones or furthermore, the
effects of other proposed mechanisms (rather than blood lactate). While this investigation is
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unable to compare to control conditions, prior studies investigating the effect of exercise on active
GLP-1 concentrations have suggested that increasing exercise intensity does not seem to increase
the GLP-1 response to exercise (Ueda et al. 2009). This suggests that moderate intensity exercise
is enough to stimulate a response and furthermore that total energy expenditure may be more
important for GLP-1 release (Hazell et al. 2016). Likewise, active PYY has shown differential
responses following interval-exercise with some reporting increases (Beaulieu et al. 2015;
Deighton et al. 2013 Hazell et al. 2017) and some reporting no change (Deighton et al. 2013;
Martins et al. 2015; Metcalfe et al. 2015; Sim et al. 2015) and similarly it has been suggested that
exercise duration and/or total energy expenditure may be more important for stimulating increases
in these peptides.
As expected, active GLP-1 and active PYY were highly associated with each other,
(r=0.58; P=0.019; data not shown), suggesting that these hormones are highly related. This agrees
with previous research that has suggested a synergistic relationship between these peptides (Neary
et al. 2005). The data in this study did not support an increase in concentrations of these hormones
post-exercise, however much like with acylated ghrelin, there seemed to be a delayed response in
the suspected post-prandial increase. This agrees with another study that demonstrated no change
(Martins et al. 2015) in PYY values following high-intensity intermittent exercise. Furthermore,
this highlights that active PYY and GLP-1 responses in the post-exercise period may be blunted
for a prolonged period post-exercise than previously thought and intense-exercise suspends the
expected increase in these hormones post-prandial (Batterham et al. 2003; Batterham et al. 2006).
Appetite Perceptions
Overall appetite perceptions were not influenced by manipulations in blood lactate,
although overall appetite did not increase up to 60 min post-exercise. Perhaps the magnitude of
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change in blood lactate induced by the NaHCO3 treatment was not enough to induce subsequent
changes in appetite. Further, while the perceptions of appetite are in line with the appetiteregulating hormone concentrations, whether the appetite perceptions would be lower than a no
exercise or moderate-intensity exercise condition (as we have shown previously) was not measured
(Islam et al. 2017), though it should be noted that in a no-exercise control condition we would
expect a relatively linear increase in overall appetite as time post-prandial increases.
Limitations
To our knowledge, this is the first study to assess the effects of NaHCO3 to manipulate blood
lactate levels on appetite regulation. Overall, we were successful in manipulating blood lactate
levels using NaHCO3 pre-exercise. Though we cannot discount the fact that NaHCO3 may have
had independent effects on appetite, our data implies this did not occur as pre-exercise values for
both appetite hormones and perceptions of appetite were not different between conditions. This
suggests that NaHCO3 had no independent effects on appetite hormones or perceptions of appetite,
despite levels of gastrointestinal distress that have been reported (Kahle et al. 2013). Furthermore,
due to the equivalent pre-exercise values of hormones reported in this study despite gastrointestinal
issues, this may suggest that these issues did not affect concentrations of appetite regulating
hormones. Future work should consider recent developments in NaHCO3 delivery through topical
creams (Kern et al. 2018; Misell et al. 2018) which may allow manipulations of blood lactate levels
without any gastrointestinal side effects. Another limitation to this study as mentioned previously,
is that direct comparisons to our previous investigation (Islam et al. 2017), are difficult as different
forms of intermittent-exercise were used. While our study was designed to match exercise
intensity between sessions (and was a designed strength of the study), we cannot discount the fact
that HIIT exercise may manipulate appetite-regulating hormones through different mechanisms
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than SIT exercise. Since NaHCO3 ingestion allows for increase performance and power output
(Bishop et al. 2004), we chose not to use SIT exercise as it would be difficult to adjust for other
confounders associated with an increased amount of work or energy expended. Lastly, we cannot
discount that the current investigation may be underpowered to detect differences between appetite
regulating hormones. Though previous data (Islam et al. 2017) suggested eight participants was
sufficient to detect changes in acylated ghrelin between similar intensities of exercise, a power
calculation based on the AUC values based on the acylated ghrelin data in the present study suggest
an N=16 may be needed to achieve a sufficient power of 0.80.
Conclusion
The present study highlights the potential role of lactate in appetite-regulation postexercise. Increased blood lactate levels following intense intermittent-exercise may indeed be an
important mechanism by which acylated ghrelin is lowered in the post-exercise period. These
alterations in acylated ghrelin following high-intensity exercise may not involve the anorexigenic
hormones active GLP-1 and active PYY, as they were not influenced by manipulations in blood
lactate. Furthermore, the lack of change in these anorexigenic hormones post-exercise could speak
to a redundancy in the appetite-regulatory system that requires future investigation.
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Appendix B
Please complete the following Questions
Date: _____________________
Gender: Male

Female

Year of study: ______________

Name: __________________________
Age: ____________
Ethnicity: _______________________
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Appendix C
Daily Food Log

Instructions:

1. Record all food intake for a 3 day period (day before session, day of session, day after
session)
2. Try to consume foods that you would typically eat as part of your regular diet.
3. Keep your recording sheets with you at all times. (Snacks are typically consumed
unpredictably and, as a result, it is impossible to record them accurately unless your
recording forms are nearby.)
4. Use a small food scale if you have one or standard-measuring devices (measuring cups,
measuring spoons, etc) to record the quantities consumed, as accurately as possible. If
you do not eat all of the item re-measure what’s left and record the difference.
5. Record combination foods separately (i.e., hot dog, bun, and condiments) and include
brand names of food items (list contents of homemade items) whenever possible.
6. For packaged items, use labels to determine quantities.

Example:

Time of Day
(i.e. 8:15 am,
12:30 pm)
9:30 am

Food Item (include
brand name if possible)
Eggs

Quantity
(i.e. g, mL,
cups, etc.)
2 whole

9:30 am
10:15 am
11:05 am
1:50 pm

Egg whites
Tropicana orange juice
Apple
Dominos Pizza

½ cup
1 cup
1 whole
4 slices

1:50 pm

Pepsi

500 ml

Notes
(i.e. ingredients & amounts
used if possible)
½ tsp salt, ½ cup cheese, ½
tsp butter
Pepperoni, mushroom,
cheese
-
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DAY 1 (day before session)

Time of Day
(i.e. 8:15 am,
12:30 pm)

Food Item
(Include brand name if
possible)

Date: ___________

Quantity
(i.e. g, mL,
cups, etc.)

Notes
(i.e. ingredients & amounts
used if possible)
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Appendix E
CONSENT TO PARTICIPATE IN RESEARCH - LETTER OF INFORMATION
Date:

REB #: ####

Title of Study: Lactate: A Potential Mechanism of Appetite Suppression)

Dear ______________________________:
You are being invited to participate in a research study conducted by Tom J. Hazell (PhD), Luke
Vanderheyden (MKin Student), Greg McKie (MKin Student), and Greg Howe (MKin Student) from the
Energy Metabolism Research Laboratory.
PURPOSE OF THE STUDY
To manipulate blood lactate concentrations and elucidate lactate as a mechanism of appetite
suppression following intense interval exercise. A more complete description of the purpose will be
provided at the completion of the study.
PROCEDURES
This study requires you to visit the Energy Metabolism Research Laboratory 4 times, twice for
familiarization sessions (<1 h) and then for 2 experimental sessions (~3.5 h each) for a total time
commitment of ~10 h. The first familiarization session will involve a maximal exercise test on a cycle
ergometer, where workload will increase and gas exchange will be measured until exhaustion. The
second familiarization session will involve an interval exercise session which will mimic the
experimental intervention but of shorter duration and will involve 4 x 60 s intervals with 60 s recovery
interspersed. For the experimental sessions, you will also be asked to consume either 0.4 g/kg of
sodium bicarbonate (baking soda) or 0.4 g/kg of sodium chloride (table salt), when you come into the
laboratory. You will receive one supplement in the first experimental session, where both the researcher
and yourself will not know which treatment you are given. You will receive the second supplementation
condition (whichever one you did not receive before) after your first experimental session, where the
experimental sessions will be separated by ~1 week.
For experimental sessions, you will arrive at the laboratory at 0800 h and remain in the laboratory for
the next ~3.5 h. You will be asked to fast before coming into the lab, consuming no food past 20 00 h
and to refrain from strenuous exercise and alcohol consumption 24 h prior to the exercise session. On
the days leading up to the experimental sessions you will be asked to remain properly hydrated and to
consume 5-7 mL/kg of water upon waking up on the day of the experimental sessions. Additionally, if
you fail to urinate in the morning of the experimental session or your urine is still highly concentrated,
you will be asked to consume an additional 3-5 mL/kg of water upon arrival at the laboratory. You will
also be asked to record your dietary intake for the day before, day of and day after both experimental
sessions using sheets provided. Upon arrival at the laboratory you will be fed a standardized breakfast
consisting 7 kcal/kg of Clif bar and your first round of supplementation 0.2g/kg of sodium bicarbonate
or sodium chloride (90 min prior to exercise). You will then remain sitting quietly (reading) until it is time
to consume the second round of supplementation (0.2 g/kg) at 60 min prior to exercise. Again, you will
remain seated quietly (reading) until it is time to exercise at ~ 0930 h. Following supplementation and
time for digestion, a pre-exercise blood draw will be taken from your antecubital vein. Following this
you will perform a 25-min exercise session which will include a 3 min warm-up, 20 min interval training
session and a 2 min cool-down. The interval training exercise will involve 10 x 60 s intense efforts
separated by 60 s of active recovery, which will occur on a cycle ergometer (Velotron). This study will
also involve post-exercise blood draws which will be taken immediately, 30, 60 and 90 min postexercise. At these same time points you will also be asked to fill out a visual analogue scale (VAS)
which will ask you questions such as, “How hungry do you feel?” in which you will place a small marking
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on a scale between two perceptions such as, “Not hungry at all.”, “Very hungry.” which best describes
your feeling at that time point.
POTENTIAL RISKS AND DISCOMFORTS
There is a possibility of mild muscle soreness and/or fatigue typical of an exercise session. Some
people may also experience light-headedness and if this occurs the experiment will be terminated
immediately. Additionally, there will be a spotter present during each exercise test to prevent falls and
minimize the risk of injury if a fall does occur. The use of blood draws can cause some discomfort for
participants, as the sight of blood and/or needles may cause subjects to feel nauseas and if this occurs
the experiment will be terminated immediately. The supplementation of sodium bicarbonate and sodium
chloride has not shown any adverse events in individuals in any prior studies, as they are naturally
occurring compounds found in common foods most individuals eat on a weekly basis. If the participant
feels any gastrointestinal discomfort when taking the supplement, the participant can choose to
terminate the experiment effective immediately.
POTENTIAL BENEFITS TO SUBJECTS AND/OR SOCIETY
The potential benefits of your participation in this study include better understanding of your aerobic
fitness and access to specialized equipment not available at most facilities, as well as learn some
information about appetite regulation and intense exercise.
CONFIDENTIALITY
All information obtained in connection with this study will be de-identified. All contact information is
collected and stored on a master list in a password-protected file with access to only the study
investigators. All participants will be assigned an arbitrary number to ensure anonymity. This study
number will be used in all data collection files and mean data will be stored in a password protected
file for comparison with future studies. Raw data will not be released to any other parties and all
results will be collapsed before analysis.
PARTICIPATION AND WITHDRAWAL
Your participation in this research study is completely voluntary. If you are a student and volunteer to
be in this study, you may withdraw at any time without any effect on your status at Wilfrid Laurier
University. If you are not a student, you may withdraw at any time. You may also refuse to answer
any questions you feel are inappropriate and still remain in the study. The investigators may
withdraw you from this research if circumstances arise which warrant doing so (i.e. lack of effort
during exercise sessions, difficulty scheduling, repeatedly missing scheduled sessions, etc.).
Additionally, if you find the exercise intensity to be beyond your comfort level at any time point, you
are free to discontinue the test and withdraw from the study. Similarly, you are free to discontinue and
withdraw at any point if you are uncomfortable with any aspects of the protocol.
FEEDBACK OF THE RESULTS OF THIS STUDY
If you would like a copy of a lay summary of the results please check the box below. The results from
this study will be reported in general terms in the form of speech or writing that may be represented in
manuscripts submitted for publication in scientific journals, or oral and/or poster presentations at
scientific meetings, seminars, and/or conferences. We plan to publish this study in an academic
journal. The information published in a journal or subsequent studies will not identify you in any way.
Copies will be available upon request.

SUBSEQUENT USE OF DATA
This de-identified data may be used in subsequent studies (with no link to your personal information).
You will receive a copy of the consent form after it has been signed and do not waive any legal rights
by signing it.
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-----------------------------------------------------------------------------------------------------------This letter is yours to keep. If you have any questions about this research project feel free to call:
Dr. Tom Hazell 519-884-1970 x3048
Further, if you have any questions about the conduct of this study or your rights as a research subject
you may contact Dr. Robert Basso, Research Ethics Board (REB) Chair (rbasso@wlu.ca / 519-8840710 x4994).
Sincerely,
Luke Vanderheyden (vand1410@mylaurier.ca), M Kin Student
Greg McKie (mcki1060@mylaurier.ca), M Kin Student
Greg Howe (howe5450@mylaurier.ca), M Kin Student
Dr. Tom Hazell (thazell@wlu.ca), Assistant Professor
Department of Kinesiology and Physical Education
Wilfrid Laurier University
Title of Study: Lactate: A Potential Mechanism of Appetite Suppression (REB ####)
Consent Statement
Principal Investigators: Dr. Tom Hazell
I have read the accompanying “Letter of Information” and have had the nature of the study and
procedures to be used explained to me. All questions have been answered to my satisfaction.
By signing below, I agree to participate in this study

NAME (please print): ______________________________________

SIGNATURE: __________________________

DATE:

____________________________

PERSON OBTAINING INFORMED CONSENT:

NAME (please print): ______________________________________

SIGNATURE: __________________________

DATE:

____________________________
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Appendix F

Energy Metabolism Research Laboratory

Dept. of Kin. & Phys. Ed.

MALES NEEDED FOR STUDY INVESTIGATING
APPETITE REGULATION FOLLOWING EXERCISE
(REB #5388)

Interested in Exercise and How It Affects What We Eat?
➢ Learn about appetite regulation following intense exercise, ergogenic aids for
performance improvement, and get to experience exercise equipment not
available at most fitness facilities.
➢ Learn more about your own aerobic fitness as the study includes a free VO2max
test, the greatest predictor of cardiovascular health and fitness.
Purpose:
➢ To determine if blood lactate production following interval exercise helps to explain
appetite suppression following high-intensity interval exercise.
Study details:
➢ This study will involve supplementation with an ergogenic supplement to increase
lactate accumulation and subsequent blood draws to assess concentrations of
appetite regulating hormones post-exercise.
➢ To participate you must be:
o 18-35 years of age
o Active males (>=3 training sessions per week)
o Non-smoker, Not Currently using Dietary Supplements
➢ Time commitment:
o 4 Sessions Total: 2 familiarization, 2 experimental
o Total time Commitment: ~10 hours 1 h x 2; 3.5 h x 2
➢ Participation involves:
o Session 1 - Incremental resistance cycling until exhaustion (VO2max test)
o Session 2 – Interval protocol confirmation 4 x 60 s efforts
o Session 3 and 4 - Ingesting baking soda or table salt and a standardized
breakfast prior to exercise. Furthermore, completing two high-intensity
interval training exercise sessions on a cycle ergometer 10 x 60 s efforts),
where blood draws will be taken at 5 different time points.
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